Purpose: To evaluate the measured dose distributions using radiochromic EBT2 films for small fields in iPlan (BrainLab) commissioning. Methods: Radiochromic EBT2 films were irradiated with 6 MV photons on a Varian Trilogy linac using polystyrene phantoms. The measurements included dose profiles and depth doses for field sizes of 1 × 1, 2 × 2, 3 × 3, 4 × 4, and 10 × 10 cm 2 etc. The dose profile measurements were taken at the depth of 5 cm. The calibration films were irradiated at d max (1.4 cm) for doses up to 6 Gy. Films were scanned using an Epson 10,000 XL flatbed scanner with 72 dpi resolution. Pixel values were converted to doses using the established calibration-curve. The 2D dose distributions were generated from the film data analysis. In-house software was utilized to compare the measured doses from films with the treatment planning data. In addition, selected patients' SRS fields were also measured with the EBT2 films for comparison with iPlan. An EDGE TM detector was also used to check the central-axis doses for the SRS patients' measurements. Results and Discussion: The measured planar dose distributions achieved more than 98% and 95% passing rates with a set of 2%/2 mm dose and DTA criteria for all square fields and all patient treatment fields (<5 × 5 cm 2 ), respectively. Agreement with measurement data with the EDGE TM detector at the central axis (±1%) was found with the plan data. This is the first report for SRS small photon-field measurement using the latest radiochromic film, EBT2. The results shown in this work indicate that the use of EBT2 film provides accurate dosimetry measurements for small photon beams. The measurements show excellent agreement with the iPlan TP commissioning data.
Introduction
Radiotherapy beams become smaller and conform more tightly to the tumor shape while radiation delivery equipment is more capable of delivering small fields. Stereotactic radiosurgery (SRS) has been delivering very small fields for many years either using GammeKnife or linacbased equipment. The shape of each beam from linacbased system can be controlled by collimators as small as a few mm. The clinical dosimetry of small fields is challenging due to nonequilibrium conditions created as a consequence of the secondary electron track lengths and the source size projected through the collimating system [1] [2] [3] [4] [5] [6] . Moreover, SRS requires high precision and accuracy in the calculation of dose distributions. One of the possible errors in SRS dosimetry is in the correct selection of the detector used since it requires high spatial resolution [7, 8] .
Radiochromic EBT film has been established as an accurate quantitative 2D dosimeter with fine spatial resolution for applications in external beam and brachytherapy, including IMRT QA, commissioning of treatment modalities and verification of TPS . The recently introduced radiochromic film, EBT2, a successor of EBT film, has dosimetric characteristics which are similar including its weak energy dependency [15, [31] [32] [33] [34] . The use of EBT2 film for IMRT QA and verification of calculated 2D dose distributions has also been reported [35] [36] [37] . In our institution, iPlan is used for single-fraction SRS brain treatments. This work presents that we have verified the commissioning of iPlan with radiochromic EBT2 films.
Materials and Methods

Treatment Planning Calculations
A virtual phantom was used in the iPlan treatment planning system (TPS) (version 4. . The central axis doses and field size factors were also generated using the TPS.
Irradiation of EBT2 Films in Polystyrene Phantom
Radiochromic EBT2 films from lot# A09031001A (Ashland Inc., Wayne, NJ) were irradiated with 6 MV photons on a Varian Trilogy linac using a polystyrene phantom (25 × 25 × 15 cm 3 ). The measurements included dose profiles and depth doses for field sizes of 1 × 1, 2 × 2, 3 × 3, 4 × 4, and 10 × 10 cm 2 . The field sizes were defined by multileaf-collimator (MLC) and the jaw sizes were set 1 cm outside the MLC edge. The depth doses were measured by positioning the films vertically parallel to the beam's CAX sandwiched by 2 slabs of polystyrene phantoms. The dose profile measurements were taken at the depth of 5 cm.The calibration films were irradiated at d max (1.4 cm) for doses up to 6 Gy. Calibration film doses were standardized against the ion chamber (Standard Imaging Exradin A-12 0.65 cc thimble chamber with ADCL calibration) measurement at the same location and depth. The output of the Trilogy linac was calibrated per AAPM TG-51 protocol.
Scanning of Films
All measured EBT2 films, calibration, background films were scanned at the same central location and orientation on an Epson 10,000 XL flatbed scanner in transmission mode. There were at least 2 films for each measured set. The polymer emulsion coating direction of the film was parallel to the scanning direction on the scanner bed. The settings of 48 bit color and 72 dpi (0.035 cm per pixel) were used, color correction was disabled, and files were saved in TIFF format. The calibration films, background films, and experimental films were scanned one at a time at least 16 hours after irradiation.
Data Processing and Analysis
The red channel data were extracted using a software, ImageJ v1.38 (National Institute of Health, Bethesda, MD, http://rsb.info.nih.gov/ij/). The pixel values (PV) in the processed image file were converted to net optical density (NOD), defined by the following equation.
For each calibration or background film, the average of the pixel values in an area of about 1 × 1 cm 2 at the film center was calculated and assigned as the PV of the film. PV background is the PV of the background film.
The NOD values of the calibration films were plotted against dose values (in cGy) to form the calibration curve.
The calibration curve was fitted by a third order polynomial. Conversion from net optical density readings to doses was achieved based on the polynomial fit to the calibration curve.
The 2D dose distributions were generated from the film data analysis. In-house software was utilized to compare the measured doses from films with the corresponding treatment planning data. In addition, selected patients' SRS beams were measured with the EBT2 films for comparison with iPlan results. An EDGE TM detector (Sun Nuclear Corp) was also used to check the central-axis doses for the SRS treatment fields. The depth of measurement was also at 5 cm. The EDGE TM detector is an ultra small dosimetry detector for small field measurement which width and length is 0.8 mm each.
Results and Discussions
Calibration Curves
The NOD values of the calibrated EBT films of lots# A09031001A were plotted against dose values, as shown in Figure 1 . A 3rd order polynomial was obtained for dose conversion from NOD values, as shown in Equation (2). 
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Percent Depth Doses along the Central Axis
The central-axis percent depth dose (PDD) values were plotted against the depth in water, as shown in Figures  2(a), 2 
(b) and 3(a), 3(b). Figures 2(a) and 3(a) are the 2D isodoses plots along depths and Figures 2(b) and 3(b)
are the 1-dimentional PDD curves for MLC settings of 1 × 1 cm and 2 × 2 cm, respectively. The solid lines in isodoses were from iPlan and dotted lines were from EBT2 film.
to ensure the accuracy of the iPlan commissioning. The Gamma Index in this work was used 2%/2 mm and the passing rates of all SRS fields were better than 95%.
Figures 6(a)-(c) and 7(a)-(c)
show 2 of the 10 patient's SRS-field measurements data vs. those generated from iPlan. Solid lines are iPlan isodoses and dotted lines were EBT2 data. The measured planar dose distributions achieved more than 95% passing rates with a set of 2%/2 mm dose and DTA criteria for all patient treatment fields (<5 × 5 cm 2 ). The uncertainties of the measured doses were estimated following the method described in the EBT film studies [20, 37] . Combining the Type A (random, statistical) and Type B (non-random, systematic) uncertainties, the uncertainties of the measured doses at individual pixels were about 4%. Although we measured the field sizes up to 10 × 10 cm 2 , we have only shown the small sizes PDD and profiles in the result section because small field is the main focus in this study. In addition, agreement with measurement data using the EDGE TM detector (Sun Nuclear Corp) at the central axis (±1%) was found with the plan data. The results shown in this work indicate that the use of EBT2 film provides accurate dosimetry measurements for small photon fields. The measurements show excellent agreement with the iPlan TP commissioning data. There have been reports of measuring depth doses and beam profiles using EBT films positioned vertically parallel to the beam's CAX in a water tank [21] . However, van Battum et al. [21] found dose discrepancy between EBT and ion chamber data in the superficial depths within 0.9 cm. They attributed the discrepancy to possible error in the ion chamber data in this region. From our experience, it is important to assure the positioning of an EBT2 film edge at the surface of the polystyrene phantom to submillimeter accuracy. There can also be artifact of dosimetry near an edge of the film due to the mechanical insult caused by a cutting procedure [38] . Furthermore, EBT2 film could be used as a verification tool to compare the iPlan beam commissioning data provided by the manufacturer (BrainLab). After all, it is user's responsibility to confirm the accuracy of the commissioning data.
Conclusions
We have evaluated the measured dose distributions using EBT2 films for small fields in iPlan commissioning as well as patient-specific EBT2 film QA for iPlan SRS patients. The results are very satisfactory. The EBT2 films could be a useful dosimetry tools for small fields in SRS cases.
